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<2<?2(7@!-(!08-?'8!;'($'?827+!Q4K$%'884@!:&2.!7>(/%>/(2!3$28)7!'(2!/72)!

)$(2%>84!$.!2OK(277$-.7@!>4K2!'>>($?/>27!'(2!8-7>!'.)!7-!%2(>'$.!

-K>$<$R'>$-.7!)-!.->!-%%/(+!!A2(>'$.!-K>$<$R'>$-.7!%'.!?2!(2%-;2(2)!?4!

'77$0.$.0!3$28)7!>-!8-%'8!;'($'?827!)2%8'(2)!:$>&!\\(27>($%>\\@!?/>!>&$7!

(2P/$(27!2O>('!%-)2!'.)!<'H27!7-3>:'(2!8277!(2')'?82!'.)!<'$.>'$.'?82+!!

L22!VO'<K82!A!$.!5KK2.)$O!h+!

!

6*3"77*!,'&2"!.8/

o A-<K$82(7!:$88!3/884!K(-K'0'>2!'88!$.3-(<'>$-.!2OK(2772)!$.!'!

>4K2)23!>&(-/0&!'))!-K>$<$R'>$-.!<'%&$.2(4@!K(-;$)$.0!'88!

%-<K$8'>$-.!K&'727!:$>&!3/88!H.-:82)02!>-!'KK84!'KK(-K($'>2!

-K>$<$R'>$-.7+!

o A-<K$82(7!:$88!($0-(-/784!>27>!-K>$<$R'>$-.!)$(2%>$;27!'7!>&-/0&!

>&24!:2(2!7>'.)'()!8'.0/'02!32'>/(27+!!W3>2.@!-K>$<$R'>$-.7!:-(H!

3-(!7-<2!>$<2!E2+0+@!'!32:!%-<K$82(!(282'727I!'.)!>&2.!7>-K!

:-(H$.0!?2%'/72!>&24!'(2!.->!>27>2)!'.)!<'$.>'$.2)!'>!>&2!7'<2!

82;28!-3!($0-(!'7!>&2!%-(2!8'.0/'02+!

!

• 76.899%$%#6,*%6'%6#*.8""3+,/!#-?/7>!'?7>('%>$-.!8'42(7!-3>2.!/72!



! D!

8$0&>:2$0&>!3/.%>$-.7!>-!&$)2!$<K82<2.>'>$-.!)2>'$87+!Q-!';-$)!2O%277$;2!

3/.%>$-.!%'88!-;2(&2')@!K(-0('<<2(7!.22)!<-(2!%-.>(-8!-;2(!3/.%>$-.!

$.8$.$.0+!!Q&2!AUU!8'.0/'02!7>'.)'()!82';27!>-!>&2!%-<K$82(!>-!)2%$)2!

:&2>&2(!'!3/.%>$-.!:$88!?2!$.8$.2)g!>&2![$.8$.2]!H24:-()!$7!%-.7$)2(2)!'!

.955*.&2"!!3(-<!'!K(-0('<<2(+!!A-<K$82(7!'87-!K(-;$)2!;'($-/7!%-<K$82!

8$.2!38'07!'.)!'(0/<2.>7!>-!$.38/2.%2!>&2!2O>2.>!-3!$.8$.$.0!>&'>!<'4!

-%%/(@!?/>!>&272!'(2!'KK8$2)!$.)$7%($<$.'>284!>&(-/0&-/>!2'%&!>('.78'>$-.!

/.$>!E$+2+@!7-/(%2!3$82I!:&2.!7K2%$3$2)+!

!

6*3"77*!,'&2"!.8/

o A-<K$82(7!:$88!K(-;$)2!>&2!'?$8$>4!>-!'>>'%&!$.8$.2!'>>($?/>27!>-!

3/.%>$-.7!/7$.0!>&2![\\'>>($?/>2\\]!<2%&'.$7<!E2+0+@!

[\\'>>($?/>2\\EE'8:'47\$.8$.2II]+!!Q&2.@!0/'('.>22!>&'>!7/%&!$.8$.$.0!

:$88!'8:'47!-%%/(+!

!

• :%6%484*0,+%"2$386,5*+#;8%+#4#6,./!M>!$7!%-<<-.!$.!K&47$%7!%-)27!>-!

0'>&2(!<27&T?'72)!)'>'!$.>-!7&-(>!'(('47!>-!K(-%277!3-(!%'%&2!233$%$2.%4+!!

Z-(!2O'<K82@!:2!<'4!$>2('>2!-;2(!R-.27!-.!'!<27&@!K'%H!)'>'!$.!2'%&!R-.2!

$.>-!>2<K-('(4!'(('47@!'.)!K'77!>&2<!>-!'!3/.%>$-.!>&'>!$.%8/)27!'!

7>'>$%'884!?-/.)!8--K!-;2(!>&2!'(('4!282<2.>7+!!,-:2;2(@!%-<K$82(7!-3>2.!

)2%$)2!>&'>!8--K7!:$>&!'!&%2$/3"9!&/8277!>&'.!7-<2!&2/($7>$%'884!72>!;'8/2!

:$88!.->!?2.23$>!3(-<!LMN*!;2%>-($R'>$-.@!:$>&-/>!2O'<$.$.0!>&2!'%>/'8!

'<-/.>!-3!:-(H!?2$.0!)-.2!$.!>&2!8--K+!!Z8-KT$.>2.7$;2!%-)2!>&'>!-%%/(7!

$.!'!82'3!3/.%>$-.!('>&2(!>&'.!)$(2%>84!$.!'!8--K!?-)4!<'4!'87-!?2!K'772)!

-;2(!3-(!LMN*!-K>$<$R'>$-.+!

!

6*3"77*!,'&2"!.8/

o A-<K$82(!:$88!0$;2!K(-0('<<2(7!<-(2!%-.>(-8!-;2(!:&2.!>-!'KK84!

LMN*!;2%>-($R'>$-.+!!Z-(!2O'<K82@!'!%-<K$82(!%-/8)!K(-;$)2!'.!

-K>$-.!>-!'8:'47!'KK84!LMN*!;2%>-($R'>$-.!:1*!/2&/,"*./!"&/$%*;*!&/

3"%%*3&!*../'.)!'88-:!K(-0('<<2(7!>-!)$7'?82!$>@!/7$.0![iK('0<'!

.-;2%>-(]!3-(!2O'<K82@!>-!-;2(($)2!>&$7!?2&';$-(+!

o A-<K$82(7!:$88!'>>2<K>!>-!LMN*!;2%>-($R2!'80-($>&<7!>&'>!)-!.->!

'KK2'(!$.!>&2!%-.>2O>!-3!'!8--K!?-)4@!7/%&!'7!$.!>&2!%'72!-3![82'3!

3/.%>$-.7]!:$>&!7/33$%$2.>!'<-/.>7!-3!:-(H+!

!

• <8,34&,%$*)&,&*&'%=64#6,/!,2'K!'88-%'>2)!)'>'!/7$.0!>&2!AT7>'.)'()!
8$?('(4![<'88-%]!3/.%>$-.7!'.)!>&2!AUU![.2:]!-K2('>-(!'(2!.->!(2P/$(2)!?4!

'.4!8'.0/'02!7>'.)'()!>-!?2!'8$0.2)!:$>&!LMN*!;2%>-(!?-/.)'($27+!Q&2!

7'<2!$7!>(/2!3-(!8-%'8@!7>'%HT'88-%'>2)!>2<K-('(4!'(('47@!:&$%&!'(2!/72)!

%-<<-.84!$.!7&-(>!$..2(!8--K7!>&'>!'(2!.27>2)!$.!8-.02(!8--K7+!A-<K$82(7!

7&-/8)!?2!'?82!>-!'/>-<'>$%'884!'8$0.!>&$7!7>'%H!)'>'!K(-K2(84!3-(!LMN*!

;2%>-($R'>$-.!:&2.!'KK(-K($'>2!'.)!K'77!>&2!'8$0.<2.>!$.3-(<'>$-.!>-!

>&2!-K>$<$R2(!7-!$>!$7!'KK8$2)!>-!>&2!2O>2.>!K-77$?82+!

!



! c!

6*3"77*!,'&2"!.8/

o A-<K$82(7!:$88!7/KK84!K(-0('<<2(7!:$>&!'!<2%&'.$7<!>-!

0/'('.>22!>&'>!'88!&2'K!)'>'!'88-%'>2)!>&(-/0&!7>'.)'()!'88-%'>$-.!

-K2('>$-.7!:$88!<22>!'!<$.$</<!'8$0.<2.>!(27>($%>$-.+!

o A-<K$82(7!:$88!'/>-<'>$%'884!LMN*!'8$0.!8-%'8!7%-K2!7>'%HT?'72)!

'(('47!:&2.2;2(!>&24!'(2!/72)!$.!-K2('>$-.7!>&'>!&';2!>&2!

K->2.>$'8!3-(!LMN*!;2%>-($R'>$-.+!

!

• >+3"#+*,+#&,4#6,*39*986$,%36*&,,+%?8,#./!L-<2!%-<K$82(7!'88-:!
K(-0('<<2(7!>-!'>>'%&!'>>($?/>27!>-!3/.%>$-.7!:$>&!>&2!$.>2.>!-3!&28K$.0!

>&2!%-<K$82(!-K>$<$R2!3/.%>$-.!%'887+!!!Z-(!2O'<K82@![K/(2]!'.)![%-.7>]!

\\'>>($?/>2\\!)2%8'('>$-.7!$.)$%'>2!>&'>!'!3/.%>$-.!)2K2.)7!-.84!-.!$>7!

'(0/<2.>7!E'.)!K-77$?84!08-?'8!;'($'?827!3-(![K/(2]!3/.%>$-.7I!'.)!&';2!

.-!7$)2!2332%>7!'K'(>!3(-<!$>7!(2>/(.!;'8/2+!!X(-K2(84!'..->'>2)!3/.%>$-.7!

7&-/8)!.->!$.&$?$>!%2(>'$.!-K>$<$R'>$-.7+!!^7$.0!>&272!'>>($?/>27!:$>&!

3/.%>$-.!K(->->4K27!$.!&2')2(!3$827!7&-/8)!?2!7/33$%$2.>!>-!)$7'<?$0/'>2!

'8$'7$.0!'77/<K>$-.7!3-(!>&272!3/.%>$-.7!$.!>&2!%'88$.0!(-/>$.2+!!L22!

VO'<K82!*!$.!5KK2.)$O!h+!

!

6*3"77*!,'&2"!.8/

o A-<K$82(7!:$88!K(-K2(84!'KK84!3/.%>$-.!'>>($?/>27!'7!7/KK8$2)!?4!

K(-0('<<2(7!$.!&2')2(!3/.%>$-.!K(->->4K2!)2%8'('>$-.7!>-!

)$7'<?$0/'>2!'8$'7$.0!$.!>&2!%'88$.0!3/.%>$-.7+!Q&2!8$.H!K&'72!%-/8)!

-K>$-.'884!;2($34!>&'>!7/%&!%-.>('%>7!:2(2!%-((2%>84!7K2%$3$2)+!!

!

• 76.899%$%#6,*'&4?)&*986$,%36*.8""3+,/*!S2!)232(!>&$7!>-!L2%>$-.!C+*

!

H@ 8)(+0%06<"#//"!7%4)$940(6%"'()"8&)'()+$69&"8()4$70104:"

M.!>&$7!72%>$-.@!:2!)27%($?2!?'7$%!282<2.>7!-3!K-:2(3/8!'.)!382O$?82!'KK(-'%&27!

>-!K-(>'?$8$>4!>&'>!2<K8-47!AUU!8'.0/'02!32'>/(27+!Q&2!;$'?$8$>4!-3!>&272!

'KK(-'%&27!(2P/$(27!(27-8/>$-.!-3!3/.)'<2.>'8@!42>!8'(0284!7>('$0&>3-(:'()@!

%-<K$82(!)23$%$2.%$27@!)$7%/772)!&2(2@!$.!L2%>$-.!b@!'.)!$88/7>('>2)!$.!5KK2.)$O!h+!

!

L-3>:'(2!2.0$.22(7!:-(H$.0!-.!8'(02!'KK8$%'>$-.7!K-77277!)22K!H.-:82)02!'.)!

$.7$0&>!'?-/>!&-:!>-!?/$8)!7-3>:'(2!'?7>('%>$-.7!>&'>!%'.!$.7/8'>2!</%&!-3!>&2!

7-/(%2!%-)2!3(-<!%-.%2(.7!7K2%$3$%!>-!%-<K$82(7@!K8'>3-(<7@!'.)!K(-0('<<$.0!

<-)287+!Z-(!2O'<K82@!>&2!2'(84!7>'.)'()$R'>$-.!-3!NXM!'.)!2.%'K7/8'>$-.!-3!$>7!

3/.%>$-.'8$>4!$.!%-)27!&'7!2.'?82)!2O%2882.>!%-'(72T0('$.2)!K'('8828!7%'8'?$8$>4!-.!

K8'>3-(<7!>-!)'>2+!S2!%-.>2.)!3/(>&2(!');'.%27!$.!2.%'K7/8'>$-.!-3!->&2(!

K'('8828$R'>$-.!'.)!K8'>3-(<!%-.%2(.7!'(2!.2%277'(4!>-!<'H2!8'(02!%-)27!

K2(3-(<'.%2!K-(>'?82!.-:!'.)!$.>-!>&2!3/>/(2+!X(-0('<<$.0!<-)287@!7/%&!'7!

WK2.NX@!WK2.5AA@!WK2.A9@!A^*5@!2>%+@!)-!7$<K8$34!>&2!K(-%277!-3!2OK8-$>$.0!

->&2(!3$.2(T0('$.2)!3-(<7!-3!K'('8828$7<+!!,-:2;2(@!>&272!<-)287!)$332(!$.!

<'>/($>4!'.)!>&2(2!$7!.-!';'$8'?82@!-(!K(-K-72)@!K(-0('<<$.0!<-)28!>&'>!

K(-;$)27!'![-.2!7$R2!3$>7!'88]!7-8/>$-.!>-!'88!K->2.>$'8!K'('8828$R'>$-.!7>('>20$27+!M.!



! a!

'))$>$-.@!2'%&!(2P/$(27!7K2%$'8$R2)!74.>'O!'.)!K(-0('<<$.0!%-.7$)2('>$-.7+!!

Q&2!)$;2(7$>4!-3!K->2.>$'8!K(-0('<<$.0!<-)287!'.)!%-.7>(/%>7@!:$>&!.-.T

/.$3-(<!/7'02!%-.7$)2('>$-.7@!2O'%2(?'>27!>&2!'8(2')4!)$33$%/8>!K(-?82<!-3!

$.%(2'7$.0!>&2!'<-/.>!-3!'KK8$%'>$-.!%-.%/((2.%4+!

!

*WV!9'?-('>-(4!'.)!$.)/7>(4!233-(>7!'(2!2OK8-($.0!>&2!K->2.>$'8!-3!7>'.)'()!AUU!

8'.0/'02!32'>/(27!>-!7-8;2!K2(3-(<'.%2!K-(>'?$8$>4!$77/27+!V33-(>7!$.%8/)2F!#515!

'>!99=9@!>&2!6-HH-75(('4!9$?('(4!'>!L=9@!Q&(2')$.0!h/$8)$.0!h8-%H7!EQhhI!3(-<!

M.>28@!>&2!-K2.!7-/(%2!Q&(/7>!9$?('(4!K(-<->2)!?4!=;$)$'@!'.)!>&2!h-8>!9$?('(4!

3(-<!>&2!,2>2(-02.2-/7!L47>2<!5(%&$>2%>/(2!Z-/.)'>$-.@!>-!.'<2!'!32:+!Q&272!

<-)287!7&'(2!'!%-<<-.!'KK(-'%&!>-!/72!&$0&T82;28!AUU!32'>/(27!>-!)2%-/K82!

'80-($>&<!(2K(272.>'>$-.7!3(-<!>&2$(!$<K82<2.>'>$-.7+!!L/%&!)2%-/K8$.0!2.'?827!

%-<K$82!>$<2!7K2%$'8$R'>$-.!-3!)'>'!8'4-/>7!'.)!'%%277!K'>>2(.7!'7!:288!'7!

K'('8828$R'>$-.!7>('>20$27+!W>&2(!'7K2%>7!-3!2O2%/>$-.@!7/%&!'7!:-(H!7%&2)/8$.0!

'.)!)$7K'>%&@!%'.!?2!)23$.'?82!'>!(/.!>$<2+!Q&2!H24!K-$.>!$7!>&'>!$<K82<2.>'>$-.!

)2>'$87!>/.2)!3-(!K'(>$%/8'(!'(%&$>2%>/(27!'(2!2<?2))2)!$.!7-3>:'(2!'?7>('%>$-.7+!

Q&272!'?7>('%>$-.7@!$.!>/(.@!(284!-.!>&2!?'7$%!82;28!-3!%-<K$82(!3/.%>$-.'8$>4!

)$7%/772)!$.!L2%>$-.!b!>-!2.'?82!<'%&$.2!7K2%$3$%!-K>$<$R'>$-.7+!!!

!

S288T)27$0.2)!'?7>('%>$-.7!'88-:!'KK8$%'>$-.!)2;28-K2(7!>-!?2!$.7/8'>2)!3(-<!

)2>'$87!'77-%$'>2)!:$>&!%-<K$82(7!'.)!K8'>3-(<7+!5?7>('%>$-.!8'42(7!'87-!K(-;$)2!

>&2!'?$8$>4!>-!2<K8-4!;'($-/7!K(-0('<$.0!<-)287!:$>&-/>!:2))$.0!'!%-)2!>-!'.4!

K'(>$%/8'(!-.2+!Z-(!2O'<K82@!'!8$0&>:2$0&>!AUU!5XM!%'.!?2!$.72(>2)!$.>-!'.!

2O$7>$.0!AUU!%-)2!:$>&!8277!%-)2!<-)$3$%'>$-.!%-<K'(2)!>-!$.%-(K-('>$.0!7-<2!

K(-0('<<$.0!<-)287!)$(2%>84+!Q&2!(27/8>!$7!>&'>!'KK8$%'>$-.7!%'.!?2!<-(2!

382O$?82!'.)!'%&$2;2!K-(>'?82!&$0&!K2(3-(<'.%2!:$>&-/>!<'Y-(!%-)2!%&'.027!3-(!

.2:!&'():'(2+!

!

57!'!?'7$%!$88/7>('>$-.@!%-.7$)2(!'!7$<K82![)'OK4]!-K2('>$-.!$<K82<2.>2)!/7$.0!'!

AfAUU!3-(T8--KF!

,2(2@![O]!'.)![4]!'(2!'(('47!-3!38-'>$.0!K-$.>!)'>'!'.)![']!$7!'!7%'8'(+!!L/KK-72!:2!

)2%-/K82!>&2!8--K!$>2('>$-.!3(-<!>&2!8--K!?-)4!?4!2.%-)$.0!>&2!8--K!>(';2(7'8!$.!

'!02.2($%!3/.%>$-.!>2<K8'>2@!7/%&!'7F!

!

for ( int i = begin; i < end; ++i ) {  

    y[i] += a*x[i];  

} 

template < typename LOOP_BODY > 
void forall( int begin, int end, LOOP_BODY body ) 
{ 
    for ( int i = begin; i < end; ++i ) body( i ); 

} 

!
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Q&2.@!:2!%'.!$.7>'.>$'>2!>&2!8--K!$.!'!%-)2!?4!%'88$.0!>&2!<2>&-)!'.)!K'77$.0!>&2!

8--K!?-)4!'7!'.!'(0/<2.>!E&2(2!:2!/72!'!<==/)'7(,'/-9!3&2"!IF!!

 

=->2!>&'>!>&2!8--K!?-)4!$7!:($>>2.!;2(?'>$<!'7!$.!>&2!-($0$.'8!%-)2+!5.!$.)2O!

('.02!E[?20]@![2.)]I!'.)!'!8--K!;'($'?82!E[$]I!K'772)!>-!>&2!>2<K8'>2!<2>&-)!

)23$.2!>&2!>(';2(7'8+ 

!

S&'>!&';2!:2!'%%-<K8$7&2)!:$>&!>&$7!7-3>:'(2!)2%-/K8$.0j!!M>!<'4!'KK2'(!>&'>!

:2!&';2!)-.2!.->&$.0!<-(2!>&'.!:($>2!>&2!-K2('>$-.!/7$.0!<-(2!%-<K8$%'>2)!

AUU!74.>'O+!!,-:2;2(@!>&$7!2O'<K82!7&-:7!7-<2!$<K-(>'.>!%-..2%>$-.7!?2>:22.!

7-3>:'(2!'?7>('%>$-.7!'.)!K2(3-(<'.%2!K-(>'?$8$>4+!!=->2!>&'>!>&2!-($0$.'8!8--K!

$<K82<2.>'>$-.!*>$)232&)+/)23$.27!>&2!$>2('>$-.!-()2(!'.)!>&2!K'>>2(.!-3!)'>'!

'%%277!'.)!2O2%/>$-.!7%&2)/8$.0!2!/&1*/'$$)23'&2"!/3",*+!!Q&2!3-('88E!I!<2>&-)!

'KK(-'%&!2OK(27727!>&2!7'<2!-K2('>$-.7@!?/>!72K'('>27!>&2!$<K82<2.>'>$-.!

)2>'$87!3(-<!>&2!'KK8$%'>$-.!%-)2+!!M.!K'(>$%/8'(@!:2!%'.!&$)2!%-<K$82(!)$(2%>$;27!

'.)!->&2(!%-)2!)2%-('>$-.7!3(-<!>&2!7-/(%2!%-)2!?4!K8'%$.0!>&2<!$.!'!02.2($%!

>(';2(7'8!<2>&-)+!*$332(2.>!>(';2(7'8!<2>&-)7@!)23$.2)!$.!K8'>3-(<T7K2%$3$%!

&2')2(!3$827!3-(!$.7>'.%2@!%'.!?2!/72)!>('.7K'(2.>84!$.!>&2!%-)2!3-(!<'%&$.2!

7K2%$3$%!-K>$<$R'>$-.7+!!N'.4!EK-77$?84!>&-/7'.)7I!-3!8--K!?-)$27!<'4!7&'(2!>&2!

7'<2!>(';2(7'8!<2>&-)+!!9$H2:$72@!:2!<'4!K'77!'!0$;2./8--K!?-)4!>-!;'($-/7!

[3-('88]!>2<K8'>27!>&'>!'KK84!)$332(2.>!2O2%/>$-.!7>('>20$27+!!Z-(!)'>'!K'('8828!

8--K7@!3-(!$.7>'.%2@!:2!%'.!'))!'.!WK2.NX![K'('8828!3-(]!)$(2%>$;2!>-!4$28)!>&(2')!

K'('8828$R'>$-.+!!S2!%'.!'87-!'KK84!)$332(2.>!$>2('>$-.!K'>>2(.7!?'72)!-.!)$332(2.>!

'(('4!)'>'!8'4-/>7+!!A2.>('8$R2)!%-.>(-8!-3!>(';2(7'8!$7!$<K-(>'.>!3-(!K-(>'?$8$>4@!

27K2%$'884!:&2(2!)$332(2.>!<2<-(4!7/?747>2<7!&';2!)$332(2.>!%&/.H$.0!'.)!

>$<$.0!(/827!3-(!)'>'!'%%277+!

!

S&$82!.->!2;2(4!8--K!$7!'<2.'?82!>-!>&2!7-(>!-3!8--K!'?7>('%>$-.!8'42(!7&-:.!
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forall( begin, end, [&] (int i) { 
 y[i] += a*x[i];  

} ); 
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void daxpy(double *y, double a, double *x, int len) { 
 
   for ( int i=0; i<len; ++i ) 
      y[i] += a*x[i] ; 
} 

void daxpy(double * __restrict__ y, double a,  
           double * __restrict__ x, int len) { 
    __assume_aligned(x, 16) ; 
    __assume_aligned(y, 16) ; 
 
    for ( int i=0; i<len; ++i ) 
      y[i] += a*x[i] ; 
} 

void daxpy(double * __restrict__ y, double a,  
           double * __restrict__ x, int len) { 
#pragma disjoint (*x, *y) 
    __alignx(16, x) ; 
    __alignx(16, y) ; 
 
    for ( int i=0; i<len; ++i ) 
      y[i] += a*x[i] ; 
} 
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void daxpy(double *yy, double a, double *xx, int len) { 
  double * __restrict__ x =  
    (double * __restrict__ )__builtin_assume_aligned(xx, 16); 
  double * __restrict__ y =  
    (double * __restrict__ )__builtin_assume_aligned(yy, 16); 
 
    for (int i=0; i<len; ++i) 
      y[i] += a*x[i] ; 
} 

void daxpy(Real_ptr y, double a, Real_ptr x, int len) { 
 
   for ( int i=0; i<len; ++i ) 
      y[i] += a*x[i] ; 
} 
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void muladdsub1(int len, 
double* __restrict__ out1,  
double* __restrict__ out2,  
double* __restrict__ out3, 
double* in1, double* in2) 

{ 
   for ( int i=0; i<len ; ++i ) { 

 out1[i] = in1[i] * in2[i]; 
 out2[i] = in1[i] + in2[i]; 
 out3[i] = in1[i] - in2[i]; 

   } 
} 

!
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typedef double* __restrict__ 
          __attribute__((align_value (32))) Real_ptr; 
 

// ... 

!
void muladdsub2(int len, 

          Real_ptr out1, Real_ptr out2, Real_ptr out3, 
          Real_ptr in1, Real_ptr in2) 

{ 
   for ( int i=0; i<len ; ++i ) { 

 out1[i] = in1[i] * in2[i]; 
 out2[i] = in1[i] + in2[i]; 
 out3[i] = in1[i] - in2[i]; 

   } 
} 

!

struct LoopData { 
   Real_ptr in1; 
   Real_ptr in2; 
   Real_ptr out1; 
   Real_ptr out2; 
   Real_ptr out3; 
}; 
 
// ... 

 
void muladdsub3(int len, LoopData& d) 
{ 
   for ( int i=0; i<len ; ++I ) { 

 d.out1[i] = d.in1[i] * d.in2[i]; 
 d.out2[i] = d.in1[i] + d.in2[i]; 
 d.out3[i] = d.in1[i] - d.in2[i]; 

   } 
} 
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void muladdsub3a(int len, LoopData& d) 
{ 
   Real_ptr in1  = d.in1; 
   Real_ptr in2  = d.in2;  
   Real_ptr out1 = d.out1; 
   Real_ptr out2 = d.out2; 
   Real_ptr out3 = d.out3; 
 
   for ( int i=0; i<len ; ++i ) { 

 out1[i] = in1[i] * in2[i]; 
 out2[i] = in1[i] + in2[i]; 
 out3[i] = in1[i] - in2[i]; 

   } 
} 

!

double add(double a, double b) __attribute__ ((pure)); 
 
void muladdsub4(int len, 
     double* __restrict__ out1, 
     double* __restrict__ out2,  
     double* __restrict__ out3, 
     double* in1, double* in2) 
{ 
   for ( int i=0; i<len ; ++i ) { 
      out1[i] = add(in1[i], in2[i]); 
      out2[i] = in1[i] + in2[i]; 
      out3[i] = in1[i] - in2[i]; 
   } 
} 
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template < typename LOOP_BODY > 
void forall( int begin, int end, LOOP_BODY body ) 
{ 
   for ( int i = begin; i < end; ++i ) body( i ); 

} 
 
//... 
 
void muladdsub5(int len, 

          Real_ptr out1, Real_ptr out2, Real_ptr out3, 
          Real_ptr in1, Real_ptr in2) 

{ 
   forall( 0, len, [&] (int i) { 

 out1[i] = in1[i] * in2[i]; 
 out2[i] = in1[i] + in2[i]; 
 out3[i] = in1[i] - in2[i]; 

   } ); 
} 

!

void muladdsub5a(int len, 
           Real_ptr out1, Real_ptr out2, Real_ptr out3, 
           Real_ptr in1, Real_ptr in2) 

{ 
   forall( 0, len, [&] (int i) { 
 Real_ptr tout1 = out1; 
 Real_ptr tout2 = out2; 
  Real_ptr tout3 = out3; 
 
 tout1[i] = in1[i] * in2[i]; 

tout2[i] = in1[i] + in2[i]; 
tout3[i] = in1[i] - in2[i]; 

   } ); 
} 

!
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class MULADDSUB_Functor 
{ 
public: 
   MULADDSUB_Functor(Real_ptr out1, Real_ptr out2, Real_ptr out3, 
                     Real_ptr in1, Real_ptr in2) 
   : m_out1(out1), m_out2(out2), m_out3(out3), 
     m_in1(in1), m_in2(in2) { ; } 
 
   void operator() (int i) 
   { 
      m_out1[i] = m_in1[i] * m_in2[i]; 
      m_out2[i] = m_in1[i] + m_in2[i]; 
      m_out3[i] = m_in1[i] - m_in2[i]; 
   } 
 
   Real_ptr m_out1; 
   Real_ptr m_out2; 
   Real_ptr m_out3; 
   Real_ptr m_in1; 
   Real_ptr m_in2; 
}; 
 
//... 
 
void muladdsub6(int len, 

          Real_ptr out1, Real_ptr out2, Real_ptr out3, 
          Real_ptr in1, Real_ptr in2) 

{ 
   MULADDSUB_Functor kernel(out1, out2, out3, in1, in2); 
 
   forall( 0, len, kernel ); 
} 
 
 


